Objectives London, Ontario, is facing an outbreak of HIV among people who inject drugs (PWID), as well as persistently high levels of hepatitis C virus (HCV). Syringe sharing is the primary driver of HIV and HCV transmission risks among PWID, however, little is known about factors contributing to syringe sharing in this setting. Therefore, we sought to characterize syringe sharing and its correlates among London PWID. Methods Between March and April, 2016, PWID participated in a survey administered by peer research associates as part of the Ontario Integrated Supervised Injection Services Feasibility Study. Bivariable and multivariable logistic regression models examined associations with syringe sharing (borrowing or lending previously used syringes) over the previous 6 months. A sub-analysis described patterns of borrowing and lending by self-reported HIV and HCV statuses. Results Of 198 PWID, 44 (22%) reported syringe sharing in the past 6 months. In the multivariable analysis, selling drugs (adjusted odds ratio; AOR = 1.92, 95% CI = 1.20-3.08), daily crystal methamphetamine injection (AOR = 1.66, 95% CI = 1.07-2.59), and identifying as HIV-positive (AOR = 3.11, 95% CI = 1.61-6.01) were independently associated with increased syringe sharing. While not independently associated with syringe sharing, problems accessing syringes were common (13-50%). Selfreported HIV-positive respondents were more likely to report syringe borrowing (p < 0.001), but not lending (p = 0.26). Conclusion We observed a high rate of syringe sharing among London PWID, with sharing being associated with high-intensity injection of crystal methamphetamine, as well as with involvement in drug sales. Considering the current HIV outbreak in London, multi-level prevention efforts are urgently needed.
Introduction
Epidemics of both human immunodeficiency virus (HIV) and hepatitis C (HCV) persist among people who inject illicit drugs (PWID) globally, and are expanding in some settings, primarily as a result of the sharing of injection equipment (Mathers et al. 2008 ). In the Canadian context, while HIV incidence among PWID has declined due to scale-up of harm reduction interventions (needle distribution and opioid agonist therapy) and access to antiretroviral therapy (Nosyk et al. 2017) , it remains a concern in some settings.
In Ontario, approximately 12% of new HIV diagnoses between 2005 and 2014 were attributable to injection drug use, a proportion that has remained fairly stable over the past decade (Gilbert 2015) . Thus, public health officials in London and Middlesex County, Ontario (census division population 456,000), were alarmed to record the largest number of new HIV diagnoses ever in 2016 (58 cases), of which about 70% were among PWID (Middlesex-London Health Unit 2017). The Middlesex-London Health Unit also reported increasing incidence of HCV, invasive group A streptococcal disease (iGAS), and endocarditis among PWID (Middlesex-London Health Unit 2017) .
In many ways, London is an Baverage^Canadian city. Based on demographic and socio-economic characteristics, Statistics Canada classifies the Middlesex-London health region as part of a peer group of similar municipalities that included 33.9% of the Canadian population in 2006 (Statistics Canada 2013) . Relative to other cities, however, London has a high level of poverty. The prevalence of low income in the London census metropolitan area (CMA) increased by 3.7% from 2005 to 2015, and was third-highest among Canadian CMAs in 2015 (Statistics Canada 2017). As in many cities, homelessness and drug use are particularly concentrated in London's core, where most services for PWID are located.
Elevated infectious disease risks for PWID in London first became evident in a 2012 Public Health Agency of Canada study that found higher HCV seropositivity among London participants (79.1%) than the national average (68.0%), accompanied by more reported syringe sharing (MiddlesexLondon Health Unit 2012). Further, London has been facing challenges related to both prescription opioid and stimulant use, including elevated rates of opioid-related deaths (Middlesex-London Health Unit 2014), growing use of injected crystal methamphetamine (Richmond 2016) , and high levels of public injecting .
London has a longstanding high-volume needle and syringe program (NSP). In 2016, it distributed an estimated three million needles to a municipal population of 384,000 (Richmond 2017) . However, availability of NSPs alone is insufficient to eliminate syringe sharing, which has been associated with trouble finding sterile equipment when needed (Shaw et al. 2007; Lloyd-Smith et al. 2009 ), inconsistent NSP utilization (Jenness et al. 2011) , and policies that emphasize syringe exchange over distribution (Kerr et al. 2010) . Socio-demographic characteristics, social-structural exposures, and drug use behaviours also impact syringe sharing. For instance, younger age (Kerr et al. 2010; Bozinoff et al. 2017) , homelessness (Bozinoff et al. 2017) , recent incarceration , injecting with sex partners or family members (Shaw et al. 2007) , and daily cocaine injection (Lloyd-Smith et al. 2009; Wood et al. 2002) have predicted syringe sharing in other Canadian cities.
To our knowledge, no research to date has examined factors associated with syringe sharing among PWID in London, nor in other mid-sized Canadian cities. The emergence of an HIVoutbreak in London makes evident that syringe sharing is a significant local public health threat. Inadequate access to harm reduction services, as well as social-structural factors and drug use patterns, may be contributing to this HIV risk behaviour. Therefore, we sought to characterize syringe sharing and its correlates among PWID in London.
Methods

Setting and design
Data were obtained from the Ontario Integrated Supervised Injection Services Feasibility Study, a cross-sectional survey of people who inject drugs in London and Thunder Bay, Ontario . The current study focuses on London data only.
Recruitment
Survey data were collected between March and April 2016 by three peer research associates. Eligible participants were aged 18 or above and reported injecting drugs within the previous 6 months. Based on consultation with expert advisors including local health care providers and peer research associates, a targeted recruitment strategy was developed. Potential participants were recruited through outreach by peer research associates (on the street and in venues people who inject drugs are known to frequent), recruitment flyers posted in local health and social service agencies, and word-of-mouth (including peer-to-peer distribution of wallet-sized cards). Survey interviews took place at three community agencies across two neighbourhoods in London's core (including one organization that serves women only). Participants provided written informed consent and were provided a $25 honorarium. Ethics approval was obtained from research ethics boards at the University of Toronto and the University of British Columbia.
Data collection
The questionnaire was adapted from previous studies of injection drug use and supervised injection feasibility , programmed on electronic tablets, and pre-tested for clarity and functionality. Survey questions pertained to sociodemographic characteristics, drug use behaviours, health conditions and health care utilization, and overdose experiences, as well as willingness to use and design preferences for supervised injection services. The questionnaire was administered in English by a peer research associate and took approximately 45 min to complete.
Measures
A copy of the study questionnaire is available online as supplementary material to a previous publication . Participants were asked, Bhow often have you borrowed syringes that had already been used by someone else to inject?^and Bhow often have you loaned syringes that had already been used by you or were being used by someone else to inject?^in the previous 6 months. Consistent with previous research, syringe sharing was defined as reporting any borrowing and/or lending of used syringes in the previous 6 months ( Kerr et al. 2005) .
Socio-demographic characteristics and socio-structural exposures included age (in years); gender (male vs. female); ethnicity (white vs. Indigenous/person of colour); sexual minority identity (lesbian, gay, or bisexual vs. heterosexual); homelessness or unstable housing; incarceration; drug selling (reporting Bselling drugs^as a source of income); and sex work (including exchanging sex for goods) over the previous 6 months (all yes vs. no unless otherwise indicated). One transgender respondent was classified as female based on self-reported gender identity. Participants had the option to specify a non-binary gender identity but none did so.
Drug use behaviours in the past 6 months included frequent opioid, crystal methamphetamine, or methylphenidate (Ritalin/Biphentin) injection (all daily vs. less often) to reflect the dominant classes of drugs used by the sample. Other drug use characteristics were recent public injecting, injecting in a place where the respondent bought drugs and/or paid to use drugs, injecting with a sexual partner, and needing help injecting (all yes vs. no, over the past 6 months).
Harm reduction service access measures included using an NSP, not knowing where to get clean needles when needed, and having trouble getting enough clean needles from an NSP (all yes vs. no, over the past 6 months).
Finally, HIV and hepatitis C statuses were self-reported based on responses to the question, BWhat was the result of your last HIV [Hepatitis C] blood test? and dichotomized as self-reported positive vs. negative or unknown.
Statistical analyses
All analyses were conducted in SAS 9.4 (SAS Institute Inc 2013). Descriptive statistics for socio-demographic characteristics, drug use behaviours, and access to harm reduction services were stratified by recent syringe sharing, and bivariable logistic regression models were used to evaluate associations. To adjust for potential confounding, variables associated with syringe sharing at p < 0.10 in bivariate analyses were entered in a multivariable logistic regression model. Missing data were few overall (i.e., less than 3%). However, due to a technical problem, one variable (not knowing where to get needles when needed) was missing data for 1 week of administration (n = 30, 15%). Therefore, regression models were fit using multiple imputation via fully conditional specification with 15 imputations (van Buuren 2007) , employing all variables in the analysis. The outcome was not imputed.
A sub-analysis was conducted to describe patterns of syringe borrowing and lending stratified by self-reported HIV and HCV statuses. Frequencies of syringe borrowing and lending were stratified by HIV and HCV statuses, excluding participants who indicated unknown status or declined to answer the question (n = 15 for HIV and 13 for HCV). Pearson's X 2 -test and Fisher's exact test were used to identify significant differences in sharing patterns.
Results
Of 199 participants, 198 (99.5%) provided data pertaining to syringe sharing and are included in this analysis, including 75 women (37.9%). The sample was predominantly white (n = 146; 73.7%) and had a median age of 39 (IQR = 33 to 50). Characteristics of the study sample stratified by recent syringe sharing, alongside bivariable odds ratios (OR), are presented in Table 1 . Twenty-two percent (n = 44) reported syringe sharing in the past 6 months.
Almost all participants (95%, n = 184) reported accessing an NSP in the previous 6 months. However, over the same timeframe, 12.8% (n = 25) reported trouble getting enough needles or syringes from an NSP. Of 168 participants with complete data, 64 (50%) reported at some point not knowing where to get a clean syringe when they had drugs and wanted to inject. These factors were not significantly associated with syringe sharing in bivariable analyses.
Rather, socio-demographic factors (younger age), socialstructural exposures (homelessness or unstable housing, selling drugs), drug use behaviours (number of daily injections, daily crystal methamphetamine injection, public injecting, injecting in a place where the respondent buys drugs or pays to use), and self-reported HIV-positive status were positively associated with syringe sharing in unadjusted analyses (Table 1) .
Variables associated with syringe sharing at p < 0.10 in bivariable analyses were entered into a multivariable model (see Table 2 ). Selling drugs (adjusted odds ratio; AOR = 1.92, 95% CI = 1.20-3.08), daily crystal methamphetamine injection (AOR = 1.66, 95% CI = 1.07-2.59), and identifying as HIVpositive (AOR = 3.11, 95% CI = 1.61-6.01) were independently associated with increased syringe sharing (all p < 0.01). In the sub-analysis (Table 3) , self-reported HIV-positive respondents were more likely to report syringe borrowing (p < 0.001), but not lending (p = 0.26). A similar pattern was observed for individuals who identified as HCV-positive (p = 0.02 vs. 0.13).
Discussion
In the context of an HIV outbreak among London PWID, almost one quarter of this sample reported syringe sharing in the previous 6 months. This appears high in comparison to other Canadian PWID samples. The same proportion (22%) of PWID in an Ottawa study reported syringe sharing over the past year (Shaw et al. 2015) , while 11% in Vancouver reported past-six-month syringe sharing in 2014 (Lee et al. 2015) . In our study, syringe sharing was associated with high-intensity injection of crystal methamphetamine and involvement in drug sales. Self-reported HIV-positive status was also associated with sharing; however, a sub-analysis revealed that known HIV and HCV-positive individuals reported statistically significantly greater levels of syringe borrowing, but not lending. Although approximately one quarter (4/17) of HIV-positive respondents did indicate distributive syringe sharing, individuals with undiagnosed HIV infection may also be contributing to onwards transmission risks.
Syringe sharing was not independently associated with access to harm reduction programs, but descriptive results indicate suboptimal coverage of needle distribution. Half of participants did not know where to find a clean needle when they needed one to inject, and 12.8% indicated trouble getting enough needles from an NSP. This is somewhat surprising considering the extraordinary volume of needle distribution in London. In 2015, London NSPs distributed an estimated 2.5 million needles (Campanella 2015) , in comparison to 1.9 million in nearby Toronto (Medical Officer of Health 2016), a city with a population over seven times as large. While this volume is impressive, shifting drug use patterns may be impacting the coverage and effectiveness of local NSPs. Although prescription opioids have been the primary drugs illicitly injected in London, a recent increase in crystal methamphetamine injection has been observed (Richmond 2016) . Indeed, results from our study indicate that while prescription opioids-principally hydromorphone-remain the drugs most commonly injected daily, crystal methamphetamine was the most commonly injected drug in the past 6 months overall, with 83% reporting any use .
Stimulant injection is associated with a higher number of daily injections due to a shorter half-life as compared to opioids . In Vancouver, Canada, NSP programs developed in response to opioid use have proved insufficient to address the needs of stimulant users, and stimulant-related HIV outbreaks have developed . That daily crystal methamphetamine injection was associated with syringe sharing in this study suggests a similar phenomenon may exist in London.
Research undertaken in the wake of Vancouver's HIV epidemic demonstrated that improvements in NSP delivery resulted in substantial declines in syringe sharing and HIV incidence (Kerr et al. 2010) . These improvements included separating distribution and recovery functions, increasing the number of NSP outlets, removing one-for-one exchange rules and limits on the number of syringes distributed, as well as increasing the involvement of peers and outreach workers in the distribution of syringes. Some of these best practices are already in place in London's NSP (e.g., no one-to-one exchange rule or limits), and expansion of NSP hours and venues (e.g., including to pharmacies) is underway in response to increasing infectious disease incidence. Our results further suggest that the specific dynamics of crystal methamphetamine use, such as propensity for periods of binge use, should be considered in the planning and implementation of expanded harm reduction services (e.g., through peer-based, 24-h supply distribution). NSP expansion efforts should also pay particular attention to the needs of homeless or unstably housed PWID, who were more likely to share syringes in unadjusted analyses. In addition, supervised injection services, which provide sterile injecting equipment and medically trained staff to supervise injections, are currently being planned as part of the response to drug-related harms in London (Middlesex-London Health Unit 2017; Mitra et al. 2017) . In Vancouver, use of such services has been associated with reduced syringe sharing , as well as a host of other public health and order benefits (e.g., reductions in fatal overdose (Marshall et al. 2011 ) and public injecting (Wood et al. 2004) ).
Finally, drug selling was independently associated with syringe sharing, and injecting in a place where one buys drugs or pays to use drugs was crudely associated. These findings indicate that interventions focused on engaging people who sell drugs in the prevention of syringe sharing may be warranted. Models for such engagement include both formalized and unsanctioned secondary syringe distribution hubs in settings where communal use occurs . Through meaningful engagement, training, and compensation of people who sell drugs and/or operate such spaces, such individuals can be mobilized as resources for HIV, HCV, and overdose prevention. Moreover, illegal income generation strategies including drug dealing are associated with a range of health and social risks for PWID (Kerr et al. 2008) . The development of low threshold employment opportunities for PWID has the potential to improve their overall well-being, as well as to reduce engagement in high-risk injection behaviours (Richardson et al. 2012 ).
Strengths and limitations
Operating within a community-based research framework, the current study involved peer research associates in recruitment and data collection, and was guided by a local community advisory committee. This study recruited participants through city-wide outreach and collected data at three sites, in contrast to the previous study of PWID in London that recruited from a single site (Middlesex- Results statistically significant at p <0.05 are indicated in italics *Any syringe borrowing or lending over the previous 6 months † Over the previous 6 months ‡ Lesbian, gay, or bisexual § NEP = needle exchange program London Health Unit 2012). While this contributed to recruitment of a diverse sample, participants were not randomly sampled and may not be representative of all PWID in London. This study also relied on cross-sectional selfreport data, which are subject to response biases and from which causality cannot be inferred. However, PWID selfreports should not be assumed any less valid or reliable than self-reports in general (Darke 1998) . Further, as HIV and HCV status were based on self-report, high-risk syringe sharing (i.e., borrowing by HIV-seronegative and lending by HIV-seropositive individuals) could not be definitely ascertained. We also may have been limited in our ability to detect differences based on infectious disease status due to low counts. In addition, data on the timing of the last HIV/HCV test were not available, and thus, we could not distinguish recent from established infections. For recently diagnosed participants, reported syringe borrowing may have preceded HIV infection. 
Conclusion
In summary, we found that the prevalence of syringe sharing among PWID in London was higher than that observed among PWID samples in other Canadian cities, likely contributing to the current outbreak of HIV among PWID in London. High-intensity crystal methamphetamine use and selling drugs were independently associated with syringe sharing, and gaps in access to sterile injecting equipment were noted, despite high-volume distribution in London. Taken together, these results support a need for multi-level prevention efforts informed by PWID and people with lived experience, potentially including continued expansion of needle and syringe distribution, engagement of drug sellers in harm reduction, and supervised injection services.
